We derive an exact equation which is "colacal in time for the linear evolution of the surface of a viscous fluid, and show that this equation becomes local and of second order in an interesting limit. We use our local equation to study Faraday's instability in a strongly dissipative regime and find a new scenario which is the analog of the Rayleigh-Taylor instability. Analytic and numerical calculations are presented for the threshold of the forcing and for the most unstable mode with impressive agreement with experiments and numerical work on the exact Navier-Stokes equations.
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If ( denotes the vertical displacement of the upper surface, the linearized boundary conditions (Bq, there arc [4, 8] 
a,U(X,l,I) + [v(.r,l,I)· V]U(X,l, I) = _..!..Vp(X,l,I)
P surface of thc fluid at rest in contact with the atmosphere, and l~-Jz is the position of the plate. Let a(I) be the acceleration of the plate, then in the reference frame where the plate is at rest we have for an incompressible fluid If a horizontal fluid layer is vertically oscillated one has Faraday's instability which is well understood for ideal fluids [I] . The interest in viscous fluids is recent [2] [3] [4] [5] [6] [7] [8] . The order parameter is the amplitude of the free surface. When dissipation is considered the equation for the amplitude is nonlical in time and it would be a great advantage to have a local and simple equation in order to explore new phenomena. For weak viscosity a phenomenological approach leads to a Mathieu equation with damping which is in good agreement with experiments [2] . This equation is easily obtianed in our formulation. For high vicosily we show here that a simple local equation also exists and is again a Mathieu equation very different from the previous one. This new equation allows one to understand how the instability arises when the system is strongly dissipative: We find that for an acceleration of the plate in the form of a cosinus the mechanism producing the instability looks quite different from the mechanism of parametric resonance, and we interpret it as the analog of the Rayleigh-Taylor instability. Our equation also predicts new phenomena which can be experimentally verified.
We consider a plate with a fluid layer of height Jz and velocity v. The vertical axis is Z, l = 0 corresponds to the
where" is the surface tension and V~= (ax, a,.) the horizontal gradient. The first equation (3) is the kinematic condition, and the rest are conditions on the stress tensor T jk = -p8 jk + pV(ajUk + akUj). The no slip BC on the plate is v(x, l, I)I,~_" = O. We shall ignore lateral BC since, for a highly viscous fluid and large aspect ratio, they have no influence [3, 5] .
Our problem is to solve (2) with its Be. We take (-V7T) as a source term and write v = ii + up", with v p " any particular solution of (2) which we take in gradient fonn up" = -Vq, with 'if2q, = 0, and where ii, which we call the diffusive component of the velocity, is the general solution of the homogeneous diffusion equation (2) . Physically, since v p " satisfies the ideal fluid equations, we have in ii the boundary effects [8] . In (3) u, is privileged and a closed problem with only this component of the velocity is obtained [9] (notice that a,</J~7T is just the Bernoulli equation),
Making a horizontal Fourier transform we have new variables </Jk. "'k. etc., and solving V 2 </J~0 as </Jk(Z,
(Ak. Bk) in terms of gk and "zk with the first and the last BC (5). The second BC (5) gives a constraint equation
where wt(l) "" k tanh kh[ge(tl + Tel p] is the usual frequency of surface waves for constant ge(l) = g. The interpretation of this exact equation is simple: The last two terms rcpresent the effcct of thc boundaries, and if one eliminates these terms this means that we only takc into account dissipation in thc region where the velocity is of potential form. The equation without these two terms is the phcnomenological approximation of Ref. [2] (the conditions of validity are discussed there), where the amplitude is damped with the well-known factor e-2 "k" [8] .
Equation (6) is not a closed equation for gk. but fTom (4) and (5) we can determine Uzk as a non local functional of {gk(')} solving the problem (8) An exact nonlocal equation for gk is obtained replacing the solution of (7) with BC (8) in (6) . Using Laplace transform, we obtain (9) -10 where tI,k(Z, (0) is an initial condition, and the kernels K(I, z) and G(I, z', z) vanish for I < 0 (causality) and for I~00 due to the finite duration of memory effects. The 860 nonlocality of (6) as an equation for gk is a consequence of (9) Since one always has e< h we see that n « vI 1t 2 is a sufficient condition to be in the lubrication regime. We now apply Eq. (10) to Faraday's instability, and in order to compare with other works we choose ge(l) = g(l + r cos nl). The regime of weak viscosity for this forcing has been exhaustively studied by Kumar [2] who concluded that the instability is subharmonic. This means that the system oscillates at half the frequency of the driving force, and the mechanism of selection of the wavelength is the parametric resonance condition Wk -n/2 (from now on, Wk is the frequency of surface waves for constant g). Olher frequencies are also resonant if Wk -"n/2 with " = 2,3,4 ... and to each new resonance we can associate a longue in the space r -k, but these tongues have a higher threshold r since they are more strongly dissipated. In his work Kumar made only a brief incursion in the lubrication regime, reporting the appearance of a series of bicritical points in which a subharmonic region has the same threshold as harmonic region. We reproduce exactly these observations (see Fig. 2(a) ]: A series of bicritical points appear, and this process saturates when fl~0 in a value r,. If we now draw the most unstable mode corresponding to each fl we obtain Fig. 2(b) . Thc points of discontinuity of the curve arise cach time onc arrives at a bicritical point in Fig. 2(a) EIV.
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Since under the condition lEI < Vo the integral is of order G{I), we can estimate Re(fJ-) = Vci /2 -1', and the instability is then a competition the amplifying cffect rep-
• L_~~_~_ _~~_--::-~_-;'. weakly viscous fluids since the origin of the amplification is different. As a final remark, we have explored here the low frequency region where the lubrication approximation is valid, but this does not exclude the validity of the approximaLion in oLher regions of the space of parameLers which are being investigated, and this fact can explain the surprising agreement obtained with experimental results at much higher frequencies (Fig. 4) . We thank Pierre Collet (Paris) and F. Melo (Santiago) for discussions and critical reading of the manuscript. We acknowledge support from Fondecyt, CEE, ECOS, and Catedra Presidencial. ., " .0 It can be shown that O(a, {3) is a slowly varying function of {3 and O(a > {3, {3) = 0.86; consequently, in a wide range of parameters, the structure's wavelength is
